Abstract. Conceptual design in structural engineering entails a large amount of trial and errors or extensive expertise to obtain the most economical and functional design solutions for large engineering projects. In this paper a modern optimization technique called Genetic algorithm, adopting its concept from genetic evolution is used to optimize the shape, size and topology of a plane truss structure with the aim of minimizing the total weight of the truss. A genetic algorithm developed in MATLAB was implemented in this paper to optimize the weight of plane truss structures. The objective function of the optimization problem is subjected to constraints such as stress limits, buckling constraints, tension and compression capacity according to British steel design code BS 5950. The plane trusses which were subject to point loads were tested in the genetic algorithm, the resulting optimized truss structures were then subject to real life loading to determine their feasibility to withstand real life loading. The optimized trusses presented by the algorithm were modelled in a structural analysis and design software called SAP 2000, where they were subjected to dead and live loads. After design the weight saving discovered between the original trusses and the optimized version was between 37 -47%. The results show that the genetic algorithm implemented in this study is useful in optimizing the weight of a plane truss structure.
Introduction
Sustainability of the environment involves the optimum usage of resources to create infrastructures or projects that meet present day needs and will still be useful to meet future needs [1] An important topic in the sustainability of civil engineering structures is the topic of structural optimization. Structural optimization is a concept that is introduced during the conceptual design stage of engineering structures. During the conceptual design stage, a lot of trial and error or intuition by experts is required to obtain a good structural solution. However, with structural optimization the designer can define the objectives of the design and the constraints to help obtain good and optimal structural solutions [2] . Structural optimization can be categorized into shape optimization, topology optimization and size optimization. Shape Optimization treats the geometry of the truss as the design objective and the design variable considered is the node coordinates. In topology optimization the connectivity of the members is the objective while the number of nodes is the variables. For size optimization the members size is the objective while the design variable is area of available cross-sectional profiles (discrete) or a specified range of member area (continuous) [3] . Researches in structural optimization can be dated back to the 1900's when Michell presented theoretical optimum shapes for statically determinate trusses. Since then, many other researches have continued in that path, it became more intense with the increase of computational capabilities [4] . This study was therefore carried out to optimize the weight of plane steel trusses by considering topology, size and shape using genetic algorithm technique. When the optimization problem is without constraints it is called a nonconstrained optimization but when the optimization process is subjected to one or more constraints, it is referred to as a constrained optimization [5] .
Truss Optimization using Genetic algorithm
A truss system consists of straight bars joined together at ends to produce rigid framework which will aid easy load distribution and transfer to the corresponding support in form of purely axial force [6] . Optimization techniques are categorized into classical and modern methods of optimization. Classical Methods are analytical and make use of differential calculus for locating optimum solutions e.g. Linear programming, nonlinear programming etc. While modern methods adopt their operation from nature. It is a probabilistic based approach e.g. genetic algorithm, particle swamp optimization, ant colony optimization etc. [7] . The genetic algorithm is a method for solving both constrained and unconstrained optimization problems that is based on natural selection, the process that drives biological evolution. Some of the concepts adopted form this field are chromosome, genes, reproduction, mutation, crossover, populations, genotype etc. The technique was first consolidated by John Holland in 1975 [8] . Deb and Gulati [9] used binary encoded genetic algorithms to optimize an 11-member and six node 2D truss structure that was constrained by stress limits and buckling capacity according to Eurocode 3. The optimized structure gave an overall weight of 4899.15 kg, a much lighter weight than previous researches. Osman et al. [10] also developed a genetic algorithm using a different optimization process to find the optimum weight of plane and space trusses. The proposed genetic algorithm was used to reduce computation time significantly by reducing the required design variables for the optimization.
Development of genetic algorithm in MATLAB
The genetic algorithm and direct search toolbox embedded in the MATLAB software was used as a tool in developing the genetic algorithm. MATLAB is a powerful language and it has the relevant built-in functions to run the algorithm [13] . The finite element method was used for the analysis of the truss structures produced during operation of the algorithm. It is used to determine the fitness values of the various truss solutions. Finite element method is a robust and effective analysis technique for computer solutions of various engineering problems. It is used to solve complex engineering problems that analytical methods cannot accurately solve [11] .
For the optimization of the size, topology and shape of the plane truss structures, design constraints were considered to ensure feasibility of the truss structures. The constraints considered were; material constraints in which the sections used were limited to the ones available commercially, the truss structure must have all basic nodes (support nodes and load nodes), the truss structure must be kinematically stable and the displacement limit of the node is between Lx/250 and Lx/240, as stated in BS 5950. After the genetic algorithm produces results of an optimized truss structure, the configuration of the optimized truss and original truss were analyzed in an analysis and design software called SAP 2000. Figure 1 shows a cross-section of the square hollow steel section used in this paper. Fig 1: Cross section of a square hollow steel section [12] 3.
Results and Discussion
The genetic algorithm developed in MATLAB was tested on two truss problems. The trusses are, a cantilever truss structure and a pitched truss. Figures 2a and 2b show a representation of the trusses. 4 and 5 show the original and optimized cantilever truss structure with the details being presented in tables 1, 2 and 3. The optimized cantilever structure was thereafter modelled in SAP 2000 software and subjected to dead and live loads. The result of analysis and design showed that all truss members successfully passed stress checks in accordance to BS 5950 requirements. The total weight saving of the optimized cantilever truss structure compared to the original truss is 47%. For the cantilever truss the weight of the original truss when subjected to dead and live loads gave a value of 5970.22 kg and the optimized truss gave a weight value of 3146.2Kg. From the original truss the number of members were 10 but when the algorithm optimized the truss the number of members reduced to 6 showing that 4 members in the original truss were non-critical. Figure 6 shows the optimized pitched truss after the optimization process in the algorithm. The original truss structure had 10 members but after the optimization the truss structure had 5 members. The optimized pitched truss with the original truss structure were modelled in SAP 2000 as shown in figures 7 and 8. The reduction in weight of the pitched roof truss is about 37-47 %. As presented in tables 4, 5 and 6, the weight of the original truss structure after being subject to dead and live load was 1097.9 kg, but after optimization the truss weight was reduced to 688.08 kg. 
Conclusion
A genetic algorithm was developed in MATLAB to optimize the weight of plane truss structures and the optimized trusses were modelled in a structural analysis and design software called SAP 2000 where they were analyzed and designed under real life loads. The trusses that were optimized showed significant reduction in the total weight by 30 -40% showing that the algorithm is a useful tool for engineers in obtaining structures of optimal weight during design. All structures optimized were within acceptable stress and displacement limits. For further research works the genetic algorithm used in this paper can be implemented in the design of other structural elements using other available steel profiles provided in the design codes. Also, further researches are suggested for the optimization of 3D trusses such as tower cranes using genetic algorithm technique.
